as well as molecular sexing tools to differentiate feminized from 1 regular seed stock (Toth et al., 2020) . 2 In addition to paving the way for informed classification, genetic information can 3 also provide insights on the extent and distribution of genetic variability, population 4 structure, phylogenetic relationships as well as providing the tools to shape a future 5 breeding platform for cannabis with improved homozygosity and trait stability, and to 6 identify clonal lines with identical multilocus genotypes. The latter may also be 7 particularly useful in seed-to-sale tracking as it provides an irrefutable identity for each 8 individual accession, possibly paving the way for cannabis variety registration and 9 protection. 10 Here we describe a thorough investigation of cannabis accessions using a set of 11 22 highly informative and polymorphic SNP markers associated with important traits 12 such as cannabinoid and terpenoid expression (Henry, 2017; Henry et al., 2018, Orser 13 and Henry, 2019). We extend the scope of sampling to 681 accessions from licenced 14 cultivators in Saskatchewan, Manitoba and British Columbia, Canada as well as METHODS 1 Sample collection 2 Sample collection was undertaken to reflect the available diversity of cannabis 3 germplasm available in North America, with samples from industrial hemp lines (type-4 III), resin hemp (type-II and type-III) and THC drug-type (type-I) Cannabis. Given the 5 sensitivity of our genotyping approach, a small 2mm segment of leaf tissue was 6 sufficient to yield adequate DNA for downstream genotyping.
7
DNA Isolation procedure 8 Prior to performing the DNA extraction protocol, and in order to obtain high molecular 9 weight DNA, plant tissue samples were allowed to air dry for 24-48hrs at room 10 temperature and in the presence of silica desiccant. Plant tissue was homogenised in a 11 1.5ml Eppendorf tube with a reusable pestle. Homogenised material was then treated 12 following the Sbeadexâ plant mini kit protocol (LGC Biosearch Technologies, Beverley, 13 MA) following the manufacturer's instructions. Briefly, after the addition of 90µL Lysis 14 buffer PN, samples were incubated at 65 °C for >10 minutes. The samples were then 15 centrifuged at 2500 x g for 10 minutes to pellet the debris. 50µL of the supernatant in 16 this tube, referred to as the lysate was then transferred to another 1.5ml tube with 17 120µL Binding buffer PN and 10µL Sbeadexâ particle suspension and incubated at 18 room temperature for 4 minutes. The tube was then brought into contact with a magnet washed beads were then eluted with 70µL Elution buffer PN and incubated at 55 °C for 1 3 minutes prior to bringing the tubes in contact with the magnet. 50µL of the eluate 2 was then transferred to a new tube which contain high purity plant DNA. Twenty-two optimized assay mixes, each specific to single nucleotide polymorphisms 6 (SNP) previously identified as associated with phylogeny and chemotypic expression 7 were screened in the sample set (Henry 2015 (Henry , 2017 Henry et al., 2018) . These assays 8 consist of two competitive, allele-specific forward primers and one common reverse The previously designed targets developed using Cansat 3 (von Bakel et al., 2011) 7 were subjected to a BLASTn search (Altschul et al., 1990) (Goudet and Jombart, 2015) .
2
Briefly, the read.loci function was used to import the allelic data into the R 3 environment as a data frame which was then converted to a genind object using the 4 df2genind command. Individual and population (variety identity) were also incorporated 5 into the genind object to allow for population level calculations to shed light on the 6 stability of claimed variety names and to assess the level of genetic diversity within and 7 between these hypothesized groups. Clonal lines were identified using mlg and mlg.id 8 functions, which determines the number and identity of mutilocus genotypes. Basic 9 population genetics metrics, particularly expected heterozygosity were calculated for 10 each population and individuals using the poppr function.
11
To shed light on the underlying relationships between our diverse sample set, a 12 dissimilarity matrix or Hamming distance between multilocus genotypes was 13 calculated using the bitwise.dist function and was visualized using a phylogenetic tree optimal number of clusters was determined using the find.cluster function followed by 19 the dapc function using said clusters as the most likely observed structure. The DAPC 20 was visualized using the scatter function. A minimum spanning tree calculated from the 21 squared distance between individual was plotted to shed light on the phylogenetic relationship of each inferred cluster. Lastly, the inferred clusters were applied as the 1 population factor and the genetic differentiation between populations (variety names) 2 as well as for the inferred clusters were calculated using the pairwise.fst function.
3
Diversity indices for varieties representing putative seed lines for which at least three 4 individuals were available in the dataset were also assessed using the locus_ table 5 function, where variety names were used as population indicator. The 22 SNP panel used in this study was selected to represent a broad coverage of the 4 cannabis genome and individual SNPs were found to be located on all cannabis 5 linkage groups with the exception of chromosome 8 ( Table 1 ). As such, levels of 6 polymorphism varied widely between SNPs, from fixed mitochondrial alleles that allow 7 for the discrimination of fibre-type and resin-type cannabis (Figure 1,2 ,3), to highly 8 variable nuclear markers. Of note, two resin-type landrace varieties from Kyrgyzstan 9 and Egypt were the exception to the rule, both displaying the fibre-type mitochondrial 10 haplotype while expressing THC as the main cannabinoid. Heterozygosity at the 11 nuclear markers ranged from 0.03 to 0.50 (Table 1 , Supplementary Table S1 ). Three 12 markers targeting the THCAS gene cluster offered strong discrimination of major 13 cannabis groups, associated with the two major pentyl cannabinoids THC and CBD. In 14 particular, the SW6 and VSSL_BtBD markers were fixed for one allele in all CBD 15 expressing varieties (fibre and resin-types), while being fixed for other allele or 16 heterozygote in all THC expressing varieties. In addition, the SVIP14 locus was also 17 strongly associated with cannabinoid expression data (Table 2) .
18
The DAPC exercise clustered cannabis varieties into five groups (Figure 1 Figure S1 ), 10 which was not surprising in itself, given the domestication history and strong selective 11 forces for chemotypic expression in modern North American commercial Cannabis 12 cultivars. Of interest when repeated in the larger clusters determined using DAPC, a 13 total of four markers were found to not deviate from HWE (Supplementary Figure S2 ). 14 The average heterozygosity within seed lines (putative populations) was 0.33, which 15 was considered much higher than what was to be expected in any other major stable 16 commercial crops. Interestingly, the most homozygous line, with heterozygosity of 0.09 17 was the Canadian fiber/grain cultivar "X59" (Supplementary Material Table S1, Table   18 S2). Several drug cultivars, including "Pink Kush", "Punch Breath", "Durga Matta II 19 CBD", "Durga Matta", "Cotton Candy", "Chem4OG", "33 rd Degree" and "ASD" all from 20 known seed banks displayed relative good stability with heterozygosities below 0.2.
21
Another metric of interest is the index of association (Ia; Brown, 1980) . This index brings an additional insight as a tool to quantify the reshuffling of alleles that occurs in 1 sexually outcrossing species. A deviation from zero (typical of clonal population) 2 indicates increased genetic distance between two individuals from the same seed line.
3
Once again "X59" displayed the least distance between individuals indicating a 4 possible strong selection for stable traits in the cannabinoid, fiber and grain expression 5 pathways, and thus a good homogeneous production. For drug-type varieties, the 6 three "Durga Matta II CBD" accessions, which were vegetative cuttings from the same 7 mother plants were as expected confirmed to be identical clones. On the other end of 8 the spectrum, several drug-type cultivars had very large Ia, which may indicate 9 mislabelling of individual plants or tremendous outcrossing, a syndrome of using F1 10 hybrids, which appears quite common in the industry to date. 
Association between genetic clusters and chemotypic expression 13
Looking through a broader lens at the 5 clusters into which the 420 samples segregate 14 one can clearly see a strong differentiation between fiber and resin type Cannabis 15 ( Figure 1,2 broad origins of the samples at hand for both the resin and fiber type cannabis. While 20 no chemotypic data was available for the fiber type cultivars from K5, a subsample of 21 118 resin type cultivars with chemotypic data, particularly for major cannabinoid and terpenoid expression demonstrate that (K2 CBD resin type) also consistently 1 expressed p-cymene more so than other resin type accessions ( Figure 4 , Table 1 ).
2
Among the THC expressing resin type cluster, K4, the terpinolene dominant group also 3 appeared to accumulate more CBGA and less CBCA than K1-3 ( Figure 4 , Table 1 ). 
11
The phylogenetic relationship and basis for the infra-genus classification have typically 12 recognized a broad structure with divergence between fiber type hemp and drug/resin 13 types Cannabis (Sawler et al., 2015; Dufresnes et al., 2017) . In the present study, we 14 delve deeper into the extent and distribution of genetic diversity in modern commercial 15 Cannabis using a novel targeted genetic assay.
16
While often debated in the literature and confused by lore, our data supports a 17 strong historical and genome-wide division between fiber and resin type cannabis. The 
13
In addition to cannabinoid expression, another marker linked to xylan 14 polysaccharide metabolism (SVIP14; 1-4 Beta Xylanase) was found to contribute to the 15 separation between resin and fiber types which may play a role in fiber quality, given its We present a targeted genetic assay and algorithms that inform on the sub-genus 20 classification in Cannabis. We demonstrate the use and repeatability of the assay to tease fiber from resin type cannabis, through their mitochondrial lineages and 1 cannabinoid synthases as well as derive possible chemotype classes within resin type 2 Cannabis. We demonstrate some of the utility of the assay as it related to breeding The terpene dataset for 118 individual samples from Nevada is available at the 11 following can be accessed here (https://doi.org/10.6084/m9.figshare.11780103.v1).
12
The genetic data from the 22 SNPs type in 420 individuals with no missing data can be 13 accessed here (https://doi.org/10.6084/m9.figshare.11778936.v1).
15
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